A temperature-sensitive lethal mutant of Escherichia coli has been constructed by combining two temperature-insensitive mutations: a rifl80 mutation that modifies RNA polymerase (RNA nucleotidyltransferase; nucleosidetriphosphate:RNA nucleotidyltransferase, EC 2.7.7.6) and a strA24 mutation that modifies the ribosomal protein S12. The temperature sensitivity is a property of the combination of these two particular alleles; replacement of either of-the alleles relieves the temperature sensitivity. An isogenic strain containing a different strA mutation (i.e., rifl80 strAll) is not temperature sensitive. Evidently ribosomes modified by the particular strA24 mutation are not compatible for growth at 420 with an RNA polymerase altered by the rifl80 mutation, which suggests that in vivo there may exist some interaction between structures of ribosomes and the RNA polymerase.
RNA polymerase (RNA nucleotidyltransferase; nucleosidetriphosphate:RNA nucleotidyltransferase, EC 2.7.7.6) and the ribosome carry out the two distinct steps, transcription and translation, in the expression of genetic information. The rif locus on the chromosome of Escherichia colt contains the genes for heavier subunits of RNA polymerase (1) (2) (3) 21) . Mutants of the rif locus are easily recognized by their resistance to rifampicin (4) . Several genes for 'ribosomal proteins have been identified in the rij region (5, 6 ). Many of the ribosomal genes are clustered around the strA locus (7, 8) ; also the gene for the a-subunit of the RNA polymerase has been located"in the strA region (9) . The strA gene determines the structure off the ribosomal protein S12; this gene also determines the response of E. coli to the drug streptomycin (10) (11) (12) . The enzyme and the organelle appear to function independently of each other, and it is not known at the present time whether the intermingling of genes of the RNA polymerase and the ribosome is of any specific advantage to the cell.
In a previous report, we have shown that in male strains of E. coli strA-mediated permissiveness to bacteriopha'ge'T7 may be reversed by some rij mutations. The strA-nriediated permissiveness to T7 and its reversal by specific rif alleles could be correlated, respectively, with enhanced and reduced transcription of the T7 genome (13) . Thus, although the RNA polymerase and the ribosome carry out different steps in gene expression, it appeared that mutations affecting their structures were interacting somehow.
We are interested in exploring the interaction between strA and rif mutations. It was known that mutations at the rif locus t Dr. Luigi Gorini died on August 13, 1976 MATERIALS AND METHODS Bacteria. The strains of bacteria and their derivations are described in Table 1 . The isolation of the mutants and the properties of strAll and strA24 alleles have been described previously (13, 17) . Minimal medium A (18) was routinely supplemented with 0.2% glucose. L medium (19) was used as rich medium. Streptomycin and rifampicin were used at final concentrations of 500 ,g/ml and 100 ,g/ml, respectively.
Transduction was mediated by phage P1 according to the procedure of Lennox (19) . After transduction, a delayed seleotion for streptomycin resistance was used (11) . For the transduction of rif alleles, the recipient strains contained an argH mutation; the rif transductants were then screened among arg+ transductants.
All rij mutants were spontaneous and were obtained as described before (13) . Mapping experiments show that the rifampicin-resistance mutation described in this paper is located in the rij locus (20) .
Turbidity of the cultures was measured as OD490 (Lumetron).
Synthesis of RNA. Synthesis of stable RNA in the culture of bacteria was indicated by the continued accumulation of [2- '24C]uracil into trichloroacetic-acid-insoluble precipitate over an extended period of time. The bacteria were pregrown at 30' in medium A containing proline (50,gg/ml) and casamino acids (500 ,Ag/ml). They' were then subcultured in the same medium and a portion was shifted to 420. At the start of the experiment (t = 0 hr) each culture (5 ml) also received 0.5ml of [2-'4C]uracil (specific activity 2.5' Ci/mg). At intervals thereafter, 0.5 ml of culture was'wit'hdrawn and added to 2 ml of cold 5% tri- [2-14C] uracil incorporated into acidinsoluble form during a shorter pulse of 3 min. The bacteria were pregrown at 300, subcultured in medium A containing proline (50,4g/ml) and casamino acids (500,tg/ml) and then transferred to 42°. At different times thereafter, 0.5 ml aliquots were withdrawn, added to tubes containing 0.25 1uCi of [2- '4C]uracil, and maintained at 42°. After 3 min, incorporation of radioactivity was stopped with 2 ml of cold 5% trichloroacetic acid. The samples were stored on ice, filtered, and dried, and the radioactivity was measured in a liquid scintillation counter.
Rate of Synthesis of Proteins. The rate of protein synthesis was measured by determining the amount of radioactive amino acids incorporated into acid-insoluble form during a short pulse.
The bacteria were pregrown at 300 and subcultured in medium A containing proline (100 ug/ml). At different times thereafter, 0.5 ml aliquots were withdrawn and added to tubes containing 0.25 ACi of aH-labeled amino acids maintained at 420. After 3 min, incorporation of radioactivity was stopped with 2 ml of cold 5% trichloroacetic acid. The samples were filtered and dried, and radioactivity in the precipitate was determined in a liquid scintillation counter.
RESULTS
Temperature-sensitive rif mutations defective in the function or assembly of RNA polymerase have been described (14, 15 as the recipient in transductions 1 and 2 and was used as donor in transductions 3 and 4 (see Table 2 ). All the rifl80 strA24 transductants were temperature-sensitive (transductions 2 and 4) but none of the rifl80 strAll transductants were temperature-sensitive (transductions 1 and 3). In control crosses the strAll, strA24, and rifl80 alleles were transduced to the strA + rif+ recipient. All of the strAll rif+, strA24 rif+, and strA + rifl80 transductants were temperature-insensitive. Apparently, the property of the rifl80 is influenced by the strA24 allele and not by the strAll allele. Thus, a given change in the structure of RNA polymerase responds differently to specific changes in the strA allele. In a separate experiment spontaneous streptomycin-resistant derivatives, obtained from FEC-O rifl80 at 300, were screened for growth at 42°. Three out of 12 streptomycin-resistant derivatives from FEC-O rifl80 were temperaturesensitive, whereas none of the 65 streptomycin-resistant derivatives of FEC-O were temperature sensitive. Thus temperature sensitivity seems to occur much more frequently among strA mutants in the presence of the rifl80 allele. Characterization of F-ECO rifO8 strA24 Some preliminary experiments have been aimed at understanding the nature of temperature sensitivity generated by the combination of rifl80 and strA24 mutations. at 420. Bacteria were pregrown at 300 in L medium, and subcultured in the same medium at t = 0 hr and transferred to 420. Turbidity was measured at 490 nm (Lumetron). Viable titer was determined by spreading a suitably diluted aliquot on L agar and counting the number of colonies after incubating the plates at 300.
in Fig. 1 , the double mutant FEC-O rifl80 strA24 grew linearly for several hours when exposed to 420, like other temperature-sensitive RNA polymerase mutants (14) . During the residual growth, the number of viable cells in the culture of F-EG-O. rifl80 strA24 decreased exponentially with time. Thus, exposure to 420 was lethal although some growth continued.
Why did the presence of the strA24 allele cause temperature sensitivity in the strain containing an RNA polymerase affected by the rifl80 mutation but not in a strain containing the wildtype RNA polymerase (Table 1) ? One possible mechanism could be that the strA24 allele influences in a damaging way the synthesis of RNA by the rifl80 RNA polymerase. To examine this possibility, we measured the synthesis of stable RNA in the three strains rifl80 strA +, rif+ strA24, and rifl80 strA24 during growth at 420. Fig. 2 shows that the accumulation of stable RNA in the rifl80 strA + and rif+ strA24 cultures kept pace with increase in cell mass; but in the rifl80 strA24 culture synthesis of stable RNA gradually slowed.
The linear increase of turbidity suggested that the culture of rifl80 strA24 continued to synthesize proteins after being shifted to 42°. This is confirmed by the data in Fig. 3 . At 420, the rate of protein synthesis remained fairly constant for at least 4 hr. This also indicates that the amount of messenger RNA is not affected for some time by exposure to the higher temper- ature. Fig. 3 (22) . We have shown before that the strAll and strA24 alleles may be distinguished by their ability to confer permissiveness to bacteriophage T7 in male strains of E. coli (13) . The result presented here shows that strA alleles may also be distinguished by their behavior towards suitable rin alleles.
At the restrictive temperature, the strain rifl80 strA24 continues to synthesize proteins but progressively stops synthesis of stable RNA. This suggests that the transcription process is affected more directly than the translation step. We have noted earlier that in male strains of E. coli the strA24 allele influences the transcription of T7 genome (13) . The result presented here shows that the ability of the strA24 allele to influence transcription may be extended to that of the bacterial genome if the RNA polymerase is suitably sensitized by a mutation like rifl80.
The data show that some kind of a compatibility is necessary between the strA and rif alleles even in normally growing E.
coil. This may imply the existence of an interaction between structures of ribosomes and the RNA polymerase and also indicates, perhaps, that the optimal synthesis of stable RNA is crucially dependent on the cooperation between the RNA polymerase and the ribosome of an appropriate configuration. We have not yet investigated any detailed mechanism of this phenomenon but at least two hypotheses are possible: (a) It may be that, at 420, strA24 ribosomes overproduce chemicals like guanosine tetraphosphate and that the rzfl80 RNA polymerase is hypersensitive to such compounds (23) . Thus, the "stringent" effect on stable RNA synthesis would be simulated in spite of the continued protein synthesis in the strA24 rifl80 strain.
However, one might then expect quick shut-off of the synthesis of stable RNA rather than the observed progressive decay of the rate, which is typical of the first-order decay of an activity (Fig. 3) . Also it would not explain the lethal effect of high temperature. (b) Ribosomes may be mechanically "coupled" with RNA polymerase for optimum transcription. The altered configurations of rifl80 RNA polymerase and strA24 ribosome at 42°may not match each other for effective "coupling" to occur. Such an idea is consistent with the observations that, in Wmtro, the transcription of bacteriophage T4 DNA is stimulated by the presence of the ribosome and ribosomal proteins (24) (25) (26) even under conditions in which translation does not take place. Also, a study of streptomycin-dependent strains points in this direction (27) . On the basis of the present genetic data we suggest that "coupling" may exist and requires a compatibility between the structures of ribosomes and RNA polymerase. 
